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AN IMPROVED PROCESS FOR PREPARING PURE ONDANSETRON 
fV. ; '. \ HYDROCHLORIDE DIHYDRATE 

. 1 CROSS REFERENCE TO RELATED APPLICATION 

5 : , This application claims the benefit of Provisional Application Serial No. 
60/261,051, filed January 1 1, 2001, the disclosure of which is incorporated by 
reference in its entirety herein. 

( ! FIELD OF THE INVENTION 

10 The present invention relates to an improved process for preparing 

: V;I. : /' ■ Vduneittiylamino-m The present invention relates to an unproved; 

; ; ; ' process for preparing ondansetron base. The present invention also relates to an 

improved process for recrystallizing ondansetron hydrochloride dihydrate to 

obtain pure ondansetron hydrochloride dihydrate. 

15 

BACKGROUND OF THE INVENTION 

Ondansetron, also known as l,2,3,9»tetrahydro-9-methyl-3-[(2-rnethyMH- 
imidazol-l-yl) methyl]-4H-carbazol-4-one is a potent and highly selective 
serotonin (5-HT 3 , 5-hydroxytrptamine receptor 3) antagonist and has the following 
20 : formula: 



25 


; J Ondansetron is currently available as an anti-emetic agent, particularly in 

■ ! ,■ . cancer chemotherapy, and in some other uses such as anti-depressive, anti- 
30 migraine and anti-psychotic. It is commonly used in the alleviation of cognitive 
disorders as in Alzheimer disease, in treatment of rhinitis, psychiatric disorders 
and for increased vigilance and for control of dependence on narcotics. 


U.S. Patent No. 4,695,578, assigned to the Glaxo Group Limited, describes 
35 a process of preparing ondansetron and uses thereof. However, ondansetron 
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prepared according to said process contains impurities and by-products such as 
1 ,2,3 ,9-tetrahydro-9-methyl-3-methylene-4H-carbazol-4-one. 


• ■; ' ' . ; i ill t \ • . • 


There is a continuing need for improving the method of preparing 
5 ondansetron with high purity that meets the standard for clinical uses. 'Js -'. i\ v-'V? iv"-?*v^ ^ v^^A \\.v. 

OBJECTS AND SUMMARY OF THE INVENTION ''^/^/^j'.' 

The known methods of preparing ondansetron do not achieve a ; V'i )¥f >S/i^ . 

pharmaceutically describe high purity and color. An object of the present ''A^''-^ 
10 invention is to meet a need in the art for a high purity (i.e., at least about 99.0%) >• 

and improved color. . ' WWfNWffl^ti 

Another object of the present invention is to prepare pure ondansetron y ■ V ; : ; 

hydrochloride dihydrate substantially free of any impurities and by-product such v ■ 

15 as l,2,3,9-tetrahydro-9-methyl-3-methylene-4H-carbazol-4-one (e.g., the exo- 

• methylene by-product). '.*•;: 

Another object of the present invention is to prepare ondansetron 
hydrochloride dihydrate that has a purity of at least about 99.0%. Preferably, the > y. 

20 ondansetron hydrochloride dihydrate has a purity of at least about 99.5%. Most 

preferably, the ondansetron hydrochloride dihydrate has a purity of at least about ; , '/v.- '!;h • ; 
99.9%. .' = 


Another object of the present invention is to provide a process for 
25 preparing dimethylamino-methyl-carbazolone, the process comprising the steps 
of: 

a) preparing a solution of methyl-carbazolone; 

b) heating the solution in the presence of dimethylamino hydrochloride 
and paraformaldehye; 

30 c) basifying the solution to form a precipitate; 

d) separating the precipitate from the solution to obtain dimethylaminto- 
methyl-carbazolone; and 

e) drying the dimethylamino-methyl-carbazdlone. 


Another object of the present invention is a process for preparing ! 
ondansetron base, the process comprising the steps of: 1 

a) preparing a solution of methyl-imidzole and dimethylamino-methyl- • 
carbazolone; 

b) heating the solution; • ( v 

c) removing a precipitate containing ondansetron base; : < ; • ; \ 

d) washing the precipitate; and 

e) drying the precipitate to obtain pure ondansetron base. 

*'"'.'*, • ' " ■ 

Preferably, step e) is followed by recrystallizing the ondansetron base ih Y 
the presence of activated carbon and methanol. V; 1 •; .-■ v ; ' 

j ; Another object of the present invention is a process for preparing 1 
ondansetron hydrochloride dihydrate, the process comprising the steps of: 

a) preparing a solution of ondansetron base; 

b) acidifying the solution with hydrogen chloride to form a 
precipitate; 

c) washing the precipiate; and 

d) crystallizing ondansetron hydrochloride dihydrate. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, the term "exo-methylene by-product" refers to 1,2,3,9- 
tetrahydro-9-methyl-3-methylene-4H-carbazol-4-one. It represents one of the 
main impurity in ondansetron preparation. Another impurity in ondansetron 
■■ preparation is dimeric exo-methylene by-product. 

; i Unless otherwise specified, refers to % wt. '<{{) f : 

As used herein, the term "pure ondansetron" refers to ondansetron that is 
I substantially free of exo-methylene by-product and has a high purity of at least , 
/about 99.0%. • / ^/';V-;, : : y: ; ■ r;. t ^\ 

As used herein, the term "hydrogen chloride" refers to either a gaseous 
hydrogen chloride or a solution of hydrogen chloride gas in water. 


I 
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As used herein, the term "equivalent" 


1 refers to molar equivalent. ; :•«■/; ;-"\ . 
As used herein, the term "vacuum distillation" refers to the separation of,.; ) 


■ i < , ; i • : : ; v 


v; As used herein, the term "reflux" refers to during a chemical process, part ; ; 

. of the product stream maybe returned to the process to assist in giving increaseii 1 
^ V 1 conversion or recovery, as in distillation or Uquid-hquid exlxaction . ; ; i ; } } ^ 1 ' 

in, the term "filter cake" refers to a concentrated fcolid orYt}\'/ t i>)± 
is separated from a liquid anil Iretnains oil the filter rafter ^yjV 


f 10 1 As used herein 

'^V v Vi !v semisolid material that 

It >j {'/■;. ;.■.:■.*. '»'• '.I'-' ' • " '• 

-pressure filtration. 


The present invention is an improved method of preparing a pure 
1 5 ondansetron hydrochloride dihydrate with purity at least 99.0%. More preferably, 
the ondansetron hydrochloride dihydrate purity is at least 99.5%. Most preferably, 
the ondansetron hydrochloride dihydrate purity is at least 99.9%. 


{ : ;,v :■!/;', The present invention provides an improved method of preparing 

20 dimethylaiiiino-methyl-carbazolone. The present invention further provides an 
;;'.;/. improved method of preparing ondansetron base. The present invention further: r. 
, ! " . ] .; provides an improved method of preparing pure ondansetron hydrochloride : , ; / 
; ■ dihydrate. 


v 25 ^) Preparation of Dimethvlamino-Methvl-Carbazolone 

•Ji^' v ., y The present invention provides a process for preparing dimethyl amino- ':>;;• 

; //:, ; .••^ f methyl-caibazolone comprising the steps of: 

V' 1 . '.i ; " :, V v'v 1 , a) preparing a solution of methyl-carbazolone having the formula: 

••I 30 Q 

(where R = C r4 , alkyl) 
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b) heating the solution in the presence of chmethyjamino hy^ocUoride and * > 
paraformaldehyde; 'v;.'. : ^ O^^V*- ^VAO;;-' : 

c) basifying the solution to form a precipitate; >^ ^^V^l"J -"^^^v^^^ >^ ?v : ) J iVf'.-iv/ 

d) separating the precipitate from the solution to plti^j 
methyl-carbazolone; and ij j M ' ,n , '« , x ' V / ' ' , 

e) drying the dimelhylamino-methyl-carbazdlone. f ^Vs' \ >' « '1 

During the heating step, the solution is heated in the presence of \0 ; y/J l\ 
rthvlamine hydrochloride and naraform aldehvde in ari organic solvent { 1 


15 Preferably, one equivalent methyl-carbazolone is refluxed Jyith about I'll ' ( S ' ; >'}; 

to about 1.5 equivalents of dimethylamine-hydrbcMorid^ par^^ 
Most preferably, one equivalent methyl-carbazolone is refluxed with about 1.2 
equivalents of dimethylaiiiine-hydrochloride and paraformaldehyde. During the 
heating step, formaldehyde can be used to substitute for paraformaldehyde in the 

20 reflux reaction. 

Preferably, one equivalent methyl-carbazolone is refluxed With about 4 to / 
about 16 volumes of acetic acid. Most preferably, one eqiuvalent methyl- ^ 


25 


• ',.1 

carbazolone is refluxed with about 4 volumes of acetic acid; ' }(! \\\ri : ^*'fi \ 


Preferably, the heating step is performed at a temperature of about 70 C to . 
1 about 100 C Most preferably, the heating step is performed at a temperature of ,^ 
about 80° to about 90° C. '.. " • . << >. :< ; V ' 5 y( t y 


30 Preferably, the heating step is performed for about 6 to about 24 hbiirs.'^ ? ; 

; Most preferably, the heating step is performed for;about ;6 to about $2 houirs^ : 1 
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dimethyla 


Preferably, 

10 


vention aiso pirQvides a process pf prraanng pure « ^Vi. 1 ' n^V'!' ^f''l'</ 
olone further comprises dissolving llie filter cake in \i\V »^ ? 0%%^ J M ^V > ' 
^ated carboy and hydrogen cWoride;^^; ,(^vr;y V|M 


'", .. ,'to about 14. Preferably, the basifying steb is perfo^ed Mflie'pres^rice of fcelite ''^["^ |' v '->;^i'- 


1 1 1. 


• • (10%), filter and dry. ' < ' \ ' ^^wV- W' ^n; ^ 

^ . • '.-M- v?* 

Preferably, the dry cake is dissolved in acetone. Preferably,- the dissolved \ >| yl; \vii • > ■ * ' f : Y 
1 5 cake is treated with activated carbon and hydrogen chloride to precipitate 
dimethylamino-methyl-carbazolone. 


Preparation of Ondansetron Base • V( ; . : ;> f (. ' ;/ ^ ■ /^yV--/. * -.'. Ar/'y >,* ' 

20 The present invention provides a process for the synthesis of ondansetron 

base comprising the steps of: ; ( o s< --fi^fX-ity^ 

a) preparing a solution of methyl-imidazole and dimethylamino-methyl- ^'^^f^ '\rri:i}ij\i 
carbazolone of the formula ^v.;!v^ : ^-.V 



N^e^^HCl^ 


30 V- -v.,-:,, >,,-^ W ^^^^^ 


b) heating the solution;- ■" ''[;y\ '\ ;.; ;/:: ; ./',V"' -'vj ^'^V 

c) removing a precipitate containing containing ohdasetroh base from : ; ■) \- ; v / ;w < i 
the solution; \ ' 1 5 , : ^ - M v ' • " • • ' 

35 d) washing the precipitate; : ; v 


e) 
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o 


o 


The present invention further provides a process for the synthesis of 
substantially pure ondansetron base, further comprising the steps of: 
recrystallizing in the presence of activated carbon and methanol. 

During the solution preparation step of methyl-imidazole and 
dimethylamino-methyl-carbazolone, about 4 to about 6 equivalents methyl- 
imidazole is preferably added to one equivalent dimethylam^ 
carbazolone. Most preferably, about 5 equivalents of m6myl-imidazole is added 
to one equivalent dimethylamino-methyl-carbazolpne. 

Preferably, the preparation step is performed in the presence of 10% celite. 


Preferably, the present invention provides a process for preparing 
ondansetron base further comprising (after step e) a step of recrystallizing 
5 ondansetron base in the presence of activated carbon and methanol. 

Crystallization to Prepare Pure Ondansetron Hydrochloride Dihvdrate 

:0 The present invention provides an improved method of preparing a pure 

ondansetron hydrochloride dihydrate. Specifically, the preparation involves 
crystallization of ondansetron hydrochloride dihydrate from ondansetron base with 
water and activated carbon and in the absence of an organic solvent. 

5 The crystallization process of the present invention greatly increases the 

purity of ondansetron hydrochloride dihydrate and dramatically lowers the content 
of the exo-methylene by-product impurity. Preferably, the crystallization step is 
performed 1-3 times. Most preferably, the crystallization step is performed two 
■ times. 


The present invention provides a method of crystallization of ondansetron 
hydrochloride dihydrate comprising the steps of: 

a) preparing a solution of ondansetron base; 

b) acidifying the solution with hydrogen chloride to form a 
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precipitate; 

c) washing the precipitate; and 

d) crystallizing pure ondansetron hydrochloride dihydrate. 

5 Preferably, the solution preparation step is achieved by adding about 3 to 

about 7 volumes of water to ondansetron base. Most preferably, the solution 
preparation step is achieved by adding about 5 volumes of water to ondanseton 
base. 

• , - ; * 

10 Preferably, the acidifying step is achieved by adding hydrochloric acid. 

Preferably, about 1.0-1.4 equivalents of about 32% (v:v) hydrochloric acid is 
added to induce precipitation. Most preferably, about 1.1 equivalents of about 
32% (v: v) hydrochloric acid is added to induce precipitation. More preferably, the 
acidifying step is achieved at a pH about 1 to about 4. Most preferably, the 

1 5 acidifying step is achieved at a pH about 3 . 

Preferably, the washing step is achieved by using isopropanol. Preferably, 
about 5 to about 15ml of isopropanol is used to wash the precipitates. Most 
preferably, about 10 ml of isopropanol is used to wash the precipitates. 

20 

Preferably, the crystallizing step is achieved by adding about 3 to about 5 
volumes of water to induce crystallization. Most preferably, about 4 volumes of 
water is used to induce crystallization. 

25 Preferably, the crystallizing step is performed in the presence of activated 

carbon. Preferably, the activated carbon is selected from the group consisting of 
SX-2, CA-1, CXV, and SX-1. 

Preferably, the crystallizing step is performed in the presence of about 5 to 
30 about 15% SX-1 activated carbon. Most preferably, the crystallizing step is 
performed in the presence of about 10% SX-1 activated carbon. 

The present invention is further explained by the following examples. The 
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present invention is by no means restricted to these specific examples. One of 
ordinary skill in the art will understand how to vary the exemplified preparations 
to obtain the desired results. ' ; — • ; ; 


10 


15 


20 


EXAMPLES 

Example 1 : Preparation of Pure Dimethvlamino- Methvl-Carbazolone Salt 

Into 180 ml glacial acetic acid 45 gram (0.226 m61e,1.0 eq) of methyl 


carbazolone, 22.4 gram ( 0.275 mole, i;22 eq) of dimetl^ 

and 9 gram (0.3 mole, 1.33 eq) of paraformaldehyde \vere added.; '' 

The reaction was kept at about 80 ± 2°C during 1 2 hlburs, then 540 ml bf //{"" 
water and 4.5 gram of highflow are introduced into the reactor, the batch was ^ 
cooled to about 10°C and rendered basic with about 45% NaOH to about pH 13 to 
about 14 while the batch temperature did not exceed about 25°C. 

Then the batch was stirred at about 5 to about 10° C for an additional 1 
hour, the precipitate that formed along with the highflow were collected and dried 
in vacuum oven at about 60°C until constant weight to obtain crude product 
containing highflow. ;. 


The crude product was treated with 3.3 gram activated carbon type SX-1 ' ) 
(by NORTT) in 990 ml acetone, filtered, cooled to about 25°C and hydrochloric 
acid was bubbled through the acetone solution until pH was about 3, the batch was 
\ - cooled to about 0 to about 5° Q kept at this temperature for hal filtered, ! 

25 washed with about 20 ml acetone and dried in an oven at about 50 C until constant 
weight to give 49.6 gram dimethylan^o-me^^ 

Example 2 : Preparation of Pure Ondansetron Bas'e 'V \ i> \ : v ' 

Into 330 ml water 33 gram (6.1 12 mole, 1 eq.) dimethylamino-methyl- 
30 carbozolone-HCl, 3.3 gram highflow, 46.3 gram (0.563 mole, 5 eq) methyl- 
imidazole were added. 


WW 
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; y> / '.The reaction was 1 Heated lit reflux' during'12 hours and cooled to about 5 to . :•■;;.'./. •./.'. 

1 A; - about 10° C, the precipitate was filtered; washed ^ 

• . : »q ■ \ h. ■' ■ • i • v . i. Si i • /'l^, • , - > v i ■> ..• . r/ : 

V ;V a vacuum oven at about 60 C until constant weight to give crude compound • • - i ; V^' 

, f - containing highflow. t ' ;\ V !\7^-«M 5 . .'-V . . V.'? .' 

. « ^ V 5 i The crude compound was treated Nyith 1 15 gram activated carbon type SX^- ; \\ [ \ -/ ^} - \'j 1 /Rvn 

1 (byNORIT) in 930 itnl Methanol, filtered {hot filtration) from the highflow and 7 , , ui^yY '' 

activated carbon and crystallized at 0 to about 5 C during one hour. Hot filtration V 1 

■Y^;'W : ' : >-\ ■> was around 60°C and was '.done' with methanol irieaf its boiling point "(i.e., 65?CV }y. M i ; i .•'/.>; \ ( : • ' ,\ v; > 

•/ v '; The precipitate was collected by filtration; washed with 2 x 20 ml cold methano J I ) ( / 


, JO. :,y and dried in vacuum oven at about 6p"G;iihtil constant weight to give 21 i3 gram \\-^;^-^'un^'i /..*". Vjl 

'lit' ■ - . : * ' • ' ' ' : 1 - 'I t ■ • ' : . ■ ■ t :V • / • f • 


^y\\ '-^Vv Example 3 : Preparation of Pure Ondansetron Hydrochloride Dihyidrate • !;< ( 


Into 100 ml of water 20 gram ondansetron-base were introduced. To the 
15 stirred suspension 7.5 ml (1.1 equivalents) of about 32% hydrochloric acid (HC1) 
was added. A slightly exothermic reaction occurred, the suspension turned almost 
clear and a precipitate began to form. 


The reaction was cooled down and kept at about 3-5 C for an additional 1 
20 hour filtered, washed, with about 10 ml cold isopropanol and dried at about 50°C r 
A y hl\ imder vacuum. »■'•■ /•J.V:<j;K«*\-"\\^-ViS 1 -^^*-;-. . • /••'■>•>>'. V . ;, -V. mV" ■ ' •. ' :•«.(■''-• 

Example 4 : Recrystalhzation of Ondansetron Hydrochloride Dihvdrate 

"A". \;!- ; y V^V^- Ondansetroii^Cl^^^ ^' 
^hf; 25 /;Vabout 1 

V V ^v c C; { an hour,' filtered (hot ffltration), washed, with 1 volume of hot water, cooled to ? i ^ 
, ; about 5 C and kept at this temperature for about 1 hour. The crystals was , ' / / 

;V! • : ; collected, washed with about 10 ml cold isopropanol and dried to give pure 

; ondansetron-HCl-2H20. The obtained pure ondansetron hydrochloride dihydrate 
v 30 was determined by HPLC to be at least greater than 99.0%. The obtained pure 

ondansetron hydrochloride dihydrate contained less than 0.01% exo-methylene by- 
product or undetectable. 


10 


15 


25 
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-hlotide dii^ateh^ 99^;-® 


WHAT IS CLA^CEDIS 


1 ; ; • Ondansetron hydrochloride dihydrati 

2. / ; Ondansetron h^^ 

3, ^ Onda^ * ^ , 

4- A process 
the steps of: 


on hydrocMoride (dihydrate'h^ purity of at least 99.9% tM'Mh ivIiti^M^^ 1 

S' ^ 'ysT#*»: ; -a 1 > 'IIP;' 

for preparing dimel^ 
•' a)' ; prepat^ga ; s6liiti6nofrnetn^ 


lp«aMiliisi»i^ 

V^^- A'. -A; ; f ./ . .. ; ; ./; 'K\S:,':^'.iv 


b) heating the solution in the presence of dimethylamine hydrochloride and 
paraformaldehyde; 
20 c) basifying the solution to form a precipitate; 

d) separating the precipitate from the solution; 

e) drying the precipitate, \ ; ; ; , .. -.-^ 


5. The process according to claim 4, wherein R*is methyl. 


The process according to claim 4, wherein the heating step is performed at yjl\i) {i /; W A ^ 
a temperature of about 70°C to about 100°C. '% 


The process according to claim 4, wherein the heating step is performeid at 


Dnnedat '/ ; \v 1 V ,^ v• M , * 


30 atemper^eofabout80°Ctoabout90^^^^ , ;•. 


ormed'! ■> ■ V^Vj V "... 


8. The process according tp claim 4, wherein the heating step is performed 

for about 6 to about 24 hours, ; , 

35 9. The process according to 6laim 4/wherem * " : ;V^ , .; ,/ " 1 

for about 6 to about 12 hours. :/ •-.*},"" • v ' 
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1 0. The prpcess according to claim 4, wherein the heating step is performed in 
acetic acid. ' "■ !' ' 

11. The process according to claim 4, wherein about one equivalent methyl- 

5 ' carbazolone is heated in the presence of about 1.1 to about 1.5 equivalents 

of dimethylamine hydrochloride and paraformaldehyde. 

12. The process ia^cording to claim 
carb^olone is heated in the presence of 

,10 dimet%lanidn^ hydrochloride and formaldehyde. 

13. The process according to claim 4, wherein about one equivalent methyl- 
carbazolone is heated in the presence of about 1.1 to about 1.5 equivalents 
of dimethylamine hydrochloride and formaldehyde. 

15 

14. The process according to claim 4, wherein about one equivalent methyl- 
carbazolone is heated in the presence of about 1.2 equivalents of 
dimethylamine hydrochloride and formaldehyde. 

20 15. The process according to claim 4, wherein about one equivalent methyl- 
carbazolone is heated in the presence of about 4 to about 6 volumes of 
acetic acid. |M i'.y. 

16. The process ^ 4, wherein about one equivalent methyl- 
25 carbazolone is lieated in the presence of about 4 volumes of acetic acid. 

17. The process according to claim 4, wherein the solution of methyl- 
carbazolone is basified by about 45% sodium hydroxide. 

30 18. The process according to claim 17, wherein the solution is basified to a pH 
of about 13 to about 14. 
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19. The process according to claim 17 or 18, wherein the basifying step is 
performed in the presence of 10% celite. 

20. A process for preparing ondansetron base, comprising the steps of: 

5 a) preparing a solution of methyl-imidazole and dimethylamino-methyl- 

carbazolone of the formula 


10 



N(Me) 2 .HCl (where R=C r4j alkyI) 


15 

b) heating the solution; 

c) removing a precipitate containing ondasetron base from the 
solution; 

20 d) washing the precipitate; 

e) drying precipitate to obtain ondansetron base. 


25 21 . The process according to claim 20, wherein the solution is prepared by 

adding about 4 to about 6 equivalents methyl-imidazole to one equivalent 
dimethylamino-methyl-carbazolone. 

22. The process according to claim 20, wherein the solution is prepared by 
30 adding about 5 equivalents methyl-imidazole to one equivalent 

dimethylamino-methyl-carbazolone. 

23 . The process according to claim 20, wherein the solution is prepared in the 
presence of 10% celite. 

35 

24. The process according to claim 20, further comprising the step of: 
recrystallizing ondansetron base. 

25. The process according to claim 24, wherein the recrystallizing step is 
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performed in the presence of activated carbon and methanol 


26. A process of preparing pure ondansetron hydrochloride dihydrate 
comprising the steps of: 

a) preparing a solution of ondansetron base; , ; ; 

b) acidifying the solution with hydrogen chloride to form a 
precipitate; , N ; 

c) washing the precipitate; and 


•:--: ; .7.-. .; ( v 


\ 1 


, ) > 1 . 


mm- 


d) , • : : crystallizing pure ondansetron hydrochloride dihydrate. . . . - \>\ >. \ \ ; ^0tii v V'. j < .. 

io • • > ■ ' : ; • " : -: -u 1 ^ <>' ,u ' V.'V , ■ •■'7;; 

27. The process according to claim 26 wherein about 3 to about 7 volumes 6f 6 ^.V/^^v^v 5 " 


water is added to ondansetron base to prepare a solution of ondansetron !\; j > >^<< y vC^ ^ (v^ > ^ jU/'; . 
base. ■;/ f vV.V'- ' ' " v -'v" 


15 28. The process according to claim 26 wherein about 5 volumes of water is 

. ; ' ; V.* -' : V-V \-\\- 

added to ondansetron base to prepare a solution of ondansetron base. *';>' ,\\ 5 j ; )// i Yj Vj J » 

29. The process according to claim 26 wherein about 1 .0 to about 1.4 
equivalents of about 32% (v:v) hydrochloric acid is added to acidify the 

20 solution to induce precipitation. 

30. The process according to claim 26 wherein about 1.1 equivalents of about /• 
32% (v:v) hydrochloric acid is added to acidify the solution to induce 
precipitation. 


MM! f : 


31. The process of claims 29 or 30, wherein the solution is acidified to a pH 


about 1 to about 4. V ! 


32. The process of claims 29 or 30, wherein the solution is acidified to a pH < , , 

33. The process according to claim 26, wherein the precipitate is washed with /; 
about 5 to about 15 ml of isopropanol. 


PCT/US02/00853 /^■^IV^VoiyfV^. 


* ' .. WO 02/055492 \^;^^V^ : J/•^ , ^■''V^j!^ : V/ , ^^/^'i : •;:;';{/< r>->/'. : : . ; : 

! > ; \S : -(\ : r \ • ■ ' -34. : :i i The process according t^c^ wherein the precipitate is washed witt;i/;|;':'. ( . \ '• &^jifflu}h \ 

J 1 1 1 £bout 10 ml of isopropanol 5 ' ( > <;' , . • ' ' 


35. The process according to claim 26, wherein the crystallizing step is < : . >/:^ , ; ; ^ ■ '( : .. / 
:V 5 ; ' >;\ ^achieveid byMding about 3 to about 5 volumes of water to induce M'Ml^Wtity YiM\\ft\ : ;:'Y* 

: '" !S " crystaUization - ; ' <v ; i • • . ' » ; > /( r' M '/ ( } 

36. t The process according to claini 26, ^herein the crystalUzing step is s IM;-; , '-V^im'' '^l 

vv . 10 \ ■ \ ; : : /'( } . ' ;> f ■ f 1 k: . ■ ' ( ^ 

JiVn v ; \|V V- A 37; • u 'The ^ claim 26, >vhef0in the crystallization step is ' t « / ^< i ^ V ^^(^^KV/ V (/f^ ''^ 

• i' ' repeated two times. • f / ■ f V^f. ' , , • ' 

{;'y^'\ : ■■' i :V i . \V^ ! ' ' ! ' ' ' ' - '(\' ''"'P^ f ' V/ '' 

vV; - :( ! "'- 38 The process according to claim 26, wherein the crystallizing step is 'v'y 'M'>:> 

1 5 achieved in the presence of activated carbon. 

39. The process according to claim 36, wherein the activated carbon is selected 
from the group consisting of SX-2, CA-1, CXV and SX-1. 


20 40. The process according to claim 39, wherein the activated carbon is about 5 

; :\:Va toabouV,l5^^SX-liu' ! ;/ , : , : /i'/ : M}1 Wffl 


41. . '■> The process according to claim ^39, wherein the activated carbon is about 5 '. 

}\ [['/,■ 42. M-.jy Ondansetron hydrocWori^ as prepared in accordance with a ) M ■• <f'i'\ 

} -/t' : proems of claim 


30 43. ; • Onda^elxqn hydrochloride dihydrate as prepared in accordance with a 

process of claim 26, wherein the ondansetron hydrochloride dihydrate have 
a purity of at least about 99.5%. 


: WO 02/055^92;)/ ' ^^'U'' : ' / . ■ ■ ■ PCTVUS02/O08«j / V ,*f | ( ? 

; ; ' 44?' ; dihydrate as prepared in accordance with a . v , ? ;/ • . v 

■ '„:' i - process of claim 26, wherem 

. '.'a purity jot "at least about 99.9%. , jV^^i ^^M'Vi^ 'v ■ ^ ■ -• 

*•••' ' ••«•••* ' -■<-'-- — ■ — — -- J anseux>n hydrochloride)^^ 


* v j dihydrate as prepared in accordance with a process of claim 26, wherein i / A ; 

, .. 99.0%. / i < , i,' , r-M., . . ; . , - 'V<f<w/ -" 

r; ' ' oihydrate asprepared m accordance with a process of claim 26, Avherein/^ M) v 


■ j ihe orid^setron hydrochloride dihydrate has a purity of at least about 
•■/■' 99.5%. : " " • v • 
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47. A pharmaceutical formulation comprising ondansetron hydrochloride 

dihydrate as prepared in accordance with a process of claim 26, wherein 
the ondansetron hydrochloride dihydrate has apurity of at least about :^^}-: } ;\:]::i]> 


• I . i 
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